Transformation experiments in apple (Malus × domestica Borkh.) were conducted to improve the Agrobacteriummediated transformation efficiency of many apple cultivars without using complicated procedures. A system of direct regeneration from leaf segments was used for these experiments. The effectiveness of meropenem hydrate (MEPM) as an antibiotic for Agrobacterium elimination was investigated for use of instead of cefotaxime sodium (CTX), which prevents shoot regeneration from apple leaf segments. Results show that 50 mg·L −1 of MEPM greatly enhanced the transformation efficiency. Experiments assessing the timing of kanamycin sulfate (KM) addition to the medium were also conducted to investigate the effective use of KM, the antibiotic used to select transformed cell. Addition of KM to the medium immediately after co-cultivation was completed is advantageous for the multiplication of transformed cells and for the induction of transformed shoots in spite of the low shoot regeneration rate. Based on knowledge of the timing of KM addition, the effects of pre-culture before Agrobacterium infection on the shoot regeneration medium were investigated. Pre-culture for 3-7 days improved the transformation efficiency. By applying both MEPM and the pre-culture, about 5% transformation efficiency in 'Greensleeves' was achieved on an apple cultivar without complicated procedures.
Introduction
Transformation technology is indispensable for physiological, genetic, and breeding studies. Establishment of an efficient transformation system is necessary for functional analyses of particular genes of the apple, such as self-incompatibility genes and floral organ identity genes. However, in the transformation of cultivated apple species (Malus × domestica Borkh.), only a few cultivars such as 'Royal Gala' and 'Jork 9' have achieved transformation efficiency higher than 1% (Norelli et al., 1996; Sedira et al., 2001; Yao et al., 1995) ; therefore, few apple cultivars are suitable for Agrobacteriummediated transformation experiments. Moreover, some cultivars require complicated procedures to achieve high transformation efficiency, such as repeated subculture in different media.
This experiment examined the use of meropenem hydrate (MEPM) instead of cefotaxime sodium (CTX) for Agrobacterium elimination. Mainly, CTX of 200-500 mg·L −1 has been used in reported apple transformation experiments (Kotoda et al., 2006; Maximova et al., 1998; Sedira et al., 2001; Yao et al., 1995) ; however, few cultivars can accommodate the use of CTX for transformation experiments. Moreover, complicated procedures are necessary to obtain transformants because CTX prevents shoot regeneration of apple cultivars. Wada et al. (2009) obtained transformants of apple rootstock 'JM2' (M. prunifolia (Wild.) Borkh. 'Seishi' × M. pumila Mill. var. paradisiacal Schneid. 'M.9') using MEPM; however, few data on MEPM usage have been reported for apple transformation in spite of its effect of promoting shoot regeneration from apple leaf segments .
Agrobacterium infection and the effects of kanamycin sulfate (KM) decrease the transformation efficiency of apple cultivars (Maximova et al., 1998) . The timing of KM addition to the medium was investigated to obtain additional knowledge for improving transformation efficiency. Based on knowledge of the timing of KM addition, the effects of pre-culturing leaf segments before Agrobacterium infection were investigated. Through examination of the timing of KM addition to the medium and the use of MEPM, we tried to improve apple transformation efficiency without using complicated procedures.
Materials and Methods

Maintenance of plant materials and the subculture medium composition
In vitro cultured shoots of 'Orin', 'Greensleeves' (GS), 'McIntosh' and 'Wijcik' were used as plant materials. The cultivars were maintained in a shoot multiplication medium, the composition of which is shown in Table 1 . After its pH was adjusted to 5.7, Bacto agar was added to the medium. After autoclaving, the medium was poured into 400 mL culture bottles (each containing 80 mL medium). Subculturing was conducted every month. Four shoots of 40-50 mm length were placed on the medium. The plants were grown at 25°C with a 16/8-h (light/dark) photoperiod in the culture room.
Composition of medium for shoot regeneration
Three kinds of media were prepared for shoot regeneration. For 'Orin', 'GS', 'McIntosh', and 'Wijcik', MS shoot regeneration medium (Murashige and Skoog, 1962) was used. For 'Orin' and 'GS', NN shoot regeneration medium (Nitsch and Nitsch, 1969) and MBNZ511 shoot regeneration medium (Maximova et al., 1998) were also used, respectively. The composition of each medium is shown in Table 1 . The pH was adjusted to 5.7, and then gelrite was added. After autoclaving, the medium was distributed into Petri dishes (φ90 mm), each containing 20 mL medium. Plantlets cultivated at 4 weeks were used for the experiments.
Construction of the plasmid for infection
Antisense MdiMADS13 (accession number AB081094) and neomycin phosphotransferase II (NPT II), a KM-resistant gene, were included in pMSK-(anti)MdiMADS13 (Fig. 1) , and pMSK-(anti)MdiMADS13 derived from pMSK-C1M (Kitahara et al., 2004) . The constructed plasmid (pMSK-(anti)MdiMADS13) was introduced into Agrobacterium tumefaciens GV3101. A gene of isopentenyl transferase (IPT), indoleacetamide hydrolase (iaaH), or triptophan monooxygenase (iaaM) was inserted into the β-glucuronidase (GUS) position of pSMAK251 (Mimida et al., 2007) . The constructed plasmids were designated, respectively, as pSMAK251(IPT), pSMAK251(iaaH), and pSMAK251(iaaM) (Fig. 2) , and then each plasmid was transformed into LBA4404. For the experiments presented in Table 2 , the LBA4404 strain with pSMAK251(iaaM) was used. The GV3101 strain with pMSK-(anti)MdMADS13 was used for the experiments presented in Table 3 . The LBA4404 strain with pSMAK251(iaaM) was used for the experiments in Table 4 . The LBA4404 strain with pSMAK251(IPT) and pSMAK251(iaaH) was used in the experiments presented in Table 5 .
Culture and propagation of Agrobacterium
The Agrobacterium suspension was preserved at −70°C and spread onto a plate for propagation of the Agrobacterium strain. The Agrobacterium multiplication medium consists of 20 g·L −1 Bacto tryptone, 5 g·L kanamycin sulfate (KM) (Meiji Seika Pharma Co., Ltd., Tokyo, Japan). The plate was incubated at 28°C in the dark. A colony was selected and transferred to a liquid medium for Agrobacterium propagation. Then 20 mL of the liquid medium was incubated in a culture vessel on a shaker (200 rpm) at 28°C until absorbance (OD) at 600 nm was approximately 1.0. The Agrobacterium solution was centrifuged at 8000 rpm for 5 min, and then the supernatant was removed. The Agrobacterium pellet was suspended in 20 mL of the liquid shoot regeneration medium.
Infection of leaf segments with Agrobacterium and co-cultivation
Young expanding or nonexpanding leaves were excised from the shoots that had been cultivated for 4 weeks. Four hundred leaf segments were infected for 30 min with the Agrobacterium suspended in 20 mL liquid regeneration medium, and then the liquid medium was absorbed using filter paper. The leaf segments and the Agrobacterium were co-cultivated for 5 days on shoot regeneration plates without antibiotics. The plates were incubated in the dark at 25°C.
Elimination of Agrobacterium
After co-cultivation, the leaf segments were washed by shaking at 200 rpm for 3 h in liquid shoot regeneration medium containing antibiotics for Agrobacterium elimination. The antibiotics used were 10-200 mg·L [CTX] 300 120 7
[CTX] 300 60 0
[CTX] 300 120 0 
[CTX] 300 60 21
meropenem hydrate (MEPM) (Dainippon Sumitomo Pharma, Osaka, Japan) or 300 mg·L −1 cefotaxime sodium (CTX) (Sanovi-Aventis K.K., Tokyo, Japan) corresponding to each concentration described in Experiment 2) ( Table 3 ). In other experiments (Tables 2, 4 , and 5), 50 mg·L −1 MEPM was used.
Shoot regeneration
After liquid culture, the leaf segments were transplanted to shoot regeneration plates containing the same concentration of antibiotics as the liquid shoot regeneration medium. Then KM was added to the shoot regeneration medium corresponding to that in treatments of the timing of KM addition (Tables 3 and 4) . Twenty leaf segments were placed on each plate. For two weeks immediately following the completion of infection, the shoot regeneration plates were incubated in the dark. The co-cultivation period of 5 days and the period of pre-culture were included in the 2-week dark treatment. For the subsequent 2 weeks, they were incubated in low light (ca. 0.15 μmol·m −2 ·s −1 PPFD) with a 16/8-h (light/ dark) photoperiod. Subsequently, the plates were transferred to light with a 16/8-h (light/dark) photoperiod under cool-white fluorescent light (ca. 45 μmol·m −2 ·s −1 PPFD). Subculturing to a new shoot regeneration medium containing the same concentrations of antibiotics was conducted every month.
Experimental design Experiment 1) Investigation of KM concentration
Transformation experiments of 'GS' were conducted to elucidate the optimum concentration of KM using MS regeneration medium containing 50 mg·L −1 MEPM. The concentrations of KM were 10, 25, or 50 mg·L −1 . The shoot regeneration rates were investigated at the seventh month after co-cultivation was completed (Table 2) .
Experiment 2) Establishment of MEPM treatment and effects of 30-day KM-free period (1) Establishment of MEPM treatment using MS, NN, and MBNZ511 media The MEPM concentration effects on transformation efficiency were investigated with the MS medium and the NN medium. The MEPM concentrations investigated for Agrobacterium elimination were 10, 50, 100, and 200 mg·L CTX was established as the control treatment (Table 3) . Shoot regeneration rates were assessed at the second, third, or fourth month after co-cultivation was completed.
(2) Thirty day incubation period on KM-free shoot regeneration medium Two treatments were established to investigate the relation among the shoot regeneration rate, transformation efficiency, and KM treatment. In one treatment, 25 mg·L −1 KM was added to MS and MBNZ511 shoot regeneration medium for only 1 month immediately after co-cultivation was completed. Then 50 mg·L −1 KM was added to the shoot regeneration medium from the second month (add KM treatment). In the other treatment, no KM was added to MS and MBNZ511 shoot regeneration medium for the first month after co-cultivation was completed. Then 25 mg·L −1 KM was added from the second month; 50 mg·L −1 KM was added from the third month (30d KM-free treatment) (Table 3) .
Experiment 3) Timing of KM addition to the medium and the selection of transformants (1) For 5-20-day incubation periods on KM-free shoot regeneration medium An experiment was performed to elucidate the timing of KM addition to MS shoot regeneration medium containing 50 mg·L −1 MEPM. For 5, 10, 15, and 20 days, the KM-free incubation period commenced immediately after co-cultivation was completed (Table 4) . Leaf segments were subcultured in MS shoot regeneration medium containing 25 mg·L −1 KM and 50 mg·L −1 MEPM after the completion of each KM-free period. The KM concentration became 50 mg·L −1 for the MS shoot regeneration medium from the subsequent month.
Experiment 4) Pre-culture treatment
The pre-culture medium was MS regeneration medium. In the pre-culture of leaf segments before Agrobacterium infection, young leaves of 'GS', 'McIntosh', and 'Wijcik' were excised from the shoots and cultivated on shoot regeneration medium for 3 or 7 days (Table 5) in the dark until Agrobacterium infection. The control was set as 0-day treatment. The control leaf segments were infected with Agrobacterium immediately after leaf excision. After co-cultivation, 25 mg·L In all experiments, the procedures and media used for Agrobacterium infection, co-cultivation, elimination of Agrobacterium, and shoot regeneration were identical to those described above. Shoots that remained green after 4 months were transplanted to shoot multiplication medium containing 50 mg·L −1 KM and each concentration of MEPM. The number of shoots that formed leaf segments are presented in each table as cumulative values.
Confirmation of transformation 1) PCR analysis
Regenerated green shoots of 'Orin', and 'GS', 'McIntosh', and 'Wijcik' were investigated to confirm the transformation at the seventh month after cocultivation. The DNA of each shoot was extracted using a modified cetyl trimethyl ammonium bromide (CTAB) method (Kotoda et al., 2000) . Polymerase chain reaction (PCR) was conducted using the following primers for NPT II gene amplification.
sense primer (npt-1): 5'-GAGGCTATTCGGCTATGA CTG-3' antisense primer (npt-2): 5'-ATCGGGAGCGGCGAT ACCGTA-3' The PCR conditions for amplification of NPT II were as follows: 1 cycle of 3 min at 94°C, 30 cycles of 30 s at 94°C, 30 s at 58°C and 30 s at 72°C, and 1 cycle of 72°C for 5 min. The PCR products were loaded on agarose gel (2.0% (w/v) H14 Takara, Takara Bio Inc., Otsu, Japan) and electrophoresed at 100 V for 25 min (i-Mupid, Cosmo Bio Co., Ltd., Tokyo, Japan).
2) DNA blot analysis
Genomic DNA (10 μg) from the shoots in which NPT II was detected by PCR and wild-type was digested using EcoRI or HindIII. Southern hybridization was then conducted using MdiMADS13, IPT, iaaM, or iaaH probes (Table 6 ). Methods used for blotting onto the nylon membrane and washing were identical to those described in a previous report ). The DIG-labeled probes were hybridized with the nylon membrane at 42°C. Chemiluminescent signals on the membrane were detected. Images of the results were taken using a CCD camera system (Light-CaptureII, Atto Corporation, Tokyo, Japan).
Results
Confirmation of transformation
Regenerated green shoots of 'Orin', 'GS', 'McIntosh', and 'Wijcik' that grew in medium containing 50 mg·L
KM were investigated to confirm transformation at the seventh month after co-cultivation. The PCR results suggested that 2 shoots of 'GS' derived from pSMAK 251(iaaM) (Table 2), 8 shoots of 'Orin' and 13 shoots of 'GS' derived from pMSK-(anti) MdiMADS13 (Table 3) , 4 shoots of 'GS' derived from pSMAK 251(iaaM) (Table 4), 14 shoots of 'GS' derived from pSMAK 251(iaaH) ( Table 5) , and 7 shoots of 'McIntosh' and 2 shoots of 'Wijcik' derived from pSMAK 251(IPT) ( Table 5 ) amplified the band corresponding to NPT II (700 bp) using PCR (data not shown).
Southern hybridization of the lines with PCRamplified NPT II fragments was conducted ( Table 6 ). In that with the iaaH probe for 14 'GS' lines (Table 5) , non-transformed 'GS' showed no band (lane 2), while the lines of lanes 3, 4, 12, 14, and 15 showed one band and those of lanes 6, 8, 9, 10, 13, and 16 showed two bands, and those of lanes 7, 8, and 11 had more than three bands (Fig. 3) . In iaaM and IPT, non-transformed cultivars also showed no fragment, whereas one to four fragments were detected in other lines. On the other hand, several fragments were detected in nontransformed 'Orin' and 'GS' by the MdiMADS13 probe, because wild-type apple cultivars possess the MdiMADS13 gene. However, the band patterns of the lines showing NPTII by PCR were different from non- transformed 'Orin' and 'GS', and additional bands derived from the transformed gene were detected in these lines (data not shown). These results demonstrated that all lines with PCR-amplified NPT II fragments were transformants.
Establishment of optimal conditions for transformation Experiment 1) Investigation of KM concentration
The shoot regeneration rates at 10, 25, and 50 mg·L
KM were, respectively, 37.5%, 7.8%, and 0%. Shoot regeneration rates were lower for higher KM concentrations. The transformants were obtained only at 25 mg·L −1 KM; transformation efficiency was 1.7% (Table 2) .
Experiment 2) Establishment of MEPM treatment using MS, NN, and MBNZ511 media 1) Add KM treatment (1) 'Orin' For the added KM treatment, the shoot regeneration rates on the MS and NN media are presented in Table 3 . The MS medium showed a shoot regeneration rate at 10 mg·L −1 MEPM of 1.7%, that at 50 mg·L −1 MEPM was 0.8%, and that at 100 mg·L −1 MEPM was 5.0% at the fourth month; in contrast, that at 300 mg·L −1 CTX was 0.8%. Transformants were obtained for 10-100 mg·L (Table 3) .
On the NN medium, the shoot regeneration rates at the second month were 16.7%-31.7%, which were higher than those on MS medium. The highest regeneration rate was found for 100 mg·L −1 MEPM; in contrast, that at 300 mg·L −1 CTX was 5.8%. Transformation efficiencies at 50 mg·L −1 and 100 mg·L −1 MEPM were, respectively, 0.8% and 2.5% (Table 3) .
(2) 'GS'
Shoot regeneration experiments were conducted twice on MS medium. In the first experiments, the shoots were not regenerated at 200 mg·L −1 MEPM or 300 mg·L −1 CTX until the seventh month. At the fourth month, the shoot regeneration rates at 10, 50, and 100 mg·L −1 MEPM were, respectively, 0%, 8.8%, and 1.3%. Transformants were obtained at 10 and 50 mg·L −1 MEPM. The transformation efficiency in each case was 2.5%. Two transformed shoots in the medium containing 10 mg·L −1 MEPM were regenerated after an additional 4 months. No transformant was obtained at 300 mg·L −1 CTX (Table 3) . During the second experiments, transformants were obtained at 10, 50, and 100 mg·L −1 MEPM. The transformation efficiencies were, respectively, 1.7%, 2.1%, and 1.2%.
The shoot regeneration rate of added KM treatment on MBNZ511 medium containing 50 mg·L −1 MEPM at the third month was 21.3%; transformation efficiency at the seventh month was 1.3% (Table 3) . Although the shoot regeneration rates of MBNZ511 were higher than those of MS, the transformation efficiency of MBNZ511 was equal to or less than that of MS. 2) Thirty-day incubation period on KM-free shoot regeneration medium For 30d KM-free treatment of 'GS' on MS regeneration medium at the fourth month, the shoot regeneration rates were 68.3%-81.7% at 10-200 mg·L −1 MEPM; that at 300 mg·L −1 CTX was 35.0%. The only transformant was obtained at 50 mg·L −1 MEPM. The transformation efficiency was 1.7%. No transformant was obtained at other concentrations of MEPM and CTX (Table 3) . For 30d KM-free treatment of 'GS' on MBNZ511 medium, the shoot regeneration rate at the third month was 85.0%. Nevertheless, no transformant was obtained (Table 3) .
Experiment 3) Timing of KM addition to the medium and the selection of transformants 1) For 5-20-day incubation periods on KM-free shoot regeneration medium The shoot regeneration rates 'GS' were 4.7%-62.7% at 0-20 days of KM-free treatments immediately after co-cultivation (Table 4) . The shoot regeneration rates were concomitantly higher for cases in which the KMfree days exceeded 5 days. Transformants were obtained at 0 days and 5 days of KM-free treatment, with respective transformation efficiencies of 1.6% and 1.2%.
Experiment 4) Pre-culture treatment
Pre-cultures of leaf segments were conducted for 0, 3, and 7 days before Agrobacterium infection (Table 5) . For 'GS', the shoot regeneration rates at the seventh month were, respectively, 10.8%, 6.6%, and 6.8%. Transformation efficiencies at 3 and 7 days of pre-culture treatment were, respectively, 4.1% and 6.1%. The control (0 days) was not able to produce a transformant. For 'McIntosh', the shoot regeneration rates of 0, 3, and 7 days of pre-culture were, respectively, 36.0%, 22.4% and 10.4%. Transformation efficiencies of 0, 3, and 7 days of pre-culture were, respectively, 1.6%, 2.4%, and 1.6%. For 'Wijcik', transformation efficiencies with 0, 3 and 7 days of pre-culture were, respectively, 0%, 0.3% and 0.3%. Transformants of all three cultivars were obtained with 3 and 7 days of pre-culture treatment; only transformants of 'McIntosh' were obtained with 0 day pre-culture treatment.
Discussion
Confirmation of transformation
Most shoots which were not investigated by PCR had died by the seventh month and were probably escapes or chimeras. Green shoots at the seventh month were investigated using PCR with the primer set used for NPTII gene amplification. Furthermore, Southern hybridization of the lines detected NPT II by PCR was conducted (Table 6) . Probes of MdiMADS13, IPT, iaaH, or iaaM were used to confirm the incorporation of MdiMADS13, IPT, iaaH, or iaaM genes into the genomic DNA of the shoots. Results of Southern hybridization showed that all lines with PCR-amplified NPT II fragments were transformants incorporated into the objective gene into the genome. Southern hybridization with the iaaH probe for 14 'GS' lines (Table 5) is depicted in Figure 3 . The lines in lanes 3, 4, 12, 14, and 15 showed one band and it was inferred that one copy of iaaH was incorporated with the genomic DNA, because the iaaH gene has no HindIII site (Fig. 2) . It was also suggested that the lines of lanes 6, 8, 9, 10, 13, and 16 have two copies, those of lanes 7 and 8 have three copies, and that of lane 11 has four copies; however, the thick bands of lanes 8, 9, and 12 might have been formed in the two bands in which fragment size was almost the same. As for iaaH, it was inferred that iaaM-, IPT-, and MdiMADS13-incorporated lines showed one to three, one to four and one to three copies, respectively (data not shown).
Investigation of KM concentration
In apples, transformants were obtained at 25 mg·L
KM (James et al., 1993) , 50 mg·L −1 KM (Sedira et al., 2001; Yao et al., 1995) , and 75 mg·L −1 KM (Maximova et al., 1998) . We previously investigated transformation experiments using 50 mg·L −1 KM (Shigeta et al., 2004 (Shigeta et al., , 2005 . Because we were able to obtain transformants efficiently using MEPM instead of CTX, we reinvestigated the experiments of KM concentrations. Results of the experiments showed the highest transformation efficiency at 25 mg·L −1 KM (Table 2) ; therefore, we added 25 mg·L −1 KM to the shoot regeneration medium for 1 month immediately after co-cultivation, then 50 mg·L −1 KM was added to the shoot regeneration medium from the second month. We expect to induce transformed shoots and to remove escape shoots using this procedure. Usually, CTX of 200-500 mg·L −1 is used in apple transformation experiments reported in the relevant literature. James et al. (1993) and Sedira et al. (2001) used CTX at 200 mg·L −1 . Yao et al. (1995) , Maximova et al. (1998) , and Kotoda et al. (2006) used CTX at 300 mg·L −1 , 400 mg·L −1 , and 500 mg·L −1 , respectively. We investigated the transformation experiments using 500 mg·L −1 CTX. The transformation efficiency of the experiment was 0.07% (Shigeta et al., 2004 (Shigeta et al., , 2005 ; therefore, treatment with 300 mg·L −1 CTX was established as the control treatment for MEPM experiments.
In this experiment, transformants were obtained at concentrations of 10-100 mg·L −1 MEPM, but not with CTX (Table 3) . These results show that MEPM is effective for the generation of transformants. The highest transformation efficiency of 2.5% was observed at 100 mg·L −1 MEPM for 'Orin' and 10 and 50 mg·L −1 MEPM for 'GS'. The transformants were obtained stably at 50 mg·L −1 MEPM in both 'Orin' and 'GS'. Therefore, we concluded that 50 mg·L −1 MEPM is sufficient to achieve effective transformation. These values were comparable to our previously reported transformation efficiency (0.07%) (Shigeta et al., 2004 (Shigeta et al., , 2005 and that reported by Kotoda et al. (2006) (0.15%); however, it is noteworthy that the transformation efficiency has increased more than ten-fold compared to previous reports. Shigeta et al. (2004 Shigeta et al. ( , 2005 and Kotoda et al. (2006) used 'Orin' and CTX. The difference in transformation efficiency between previous reports and this experiment is mainly attributable to the effect of MEPM. Shoot regeneration from leaf segments is suppressed by CTX Maximova et al., 1998) . In contrast, MEPM promotes shoot regeneration . The difference between the two antibiotics in terms of transformation efficiency is the cause of the difference in shoot-inducing ability. It is noteworthy that no transformants were obtainable in several 50 mg·L −1 MEPM treatments of 'GS' (Tables 4 and 5 ). With 50 mg·L −1 MEPM treatments, the actual transformation rate of 'GS' might be lower than the values presented in Table 3 : however, the transformants are obtainable stably by increasing the number of leaf segments. Mii (2002, 2005) investigated the effect of MEPM on tobacco transformant production. The transformation efficiency of tobacco using MEPM increased 1.3-fold to 12.5-fold when compared to efficiencies obtained using carbenicillin and CTX. The high transformation efficiency of the apple cultivar was attributable to the use of MEPM instead of CTX.
4. Relation among shoot regeneration rates, transformation efficiency, and media The MS and NN shoot regeneration media were used for transformation experiments of 'Orin' (Table 3) . The shoot regeneration rates of NN medium were higher than those of MS medium; however, MS and MBNZ511 shoot regeneration media were also used for transformation experiments of 'GS'; the shoot regeneration rate obtained with MBNZ511 medium was higher than that obtained when using MS medium. Nevertheless, transformation efficiencies of 'Orin' between MS and NN were not different, nor were those of 'GS' between MS and MBNZ511. The shoot regeneration rates of 30d KMfree treatments were higher than those of added KM treatments; however, no transformant with 30d KM-free treatments was obtained except with 50 mg·L −1 MEPM treatments.
These results showed that the high shoot regeneration rate is unrelated to the increase in transformation efficiency. Consequently, an experiment of the timing of KM addition to the medium was conducted to elucidate the relation between transformation efficiency and the timing of KM addition. Ishitani (2006) and Ishitani et al. (2006) reported the relation among the shoot regeneration rates, shoot regeneration periods, and media. They concluded that the shoot regeneration period of NN was faster than that of MS. Regarding shoot induction and transformation efficiency, it is important to clarify the relation between basal media and the shoot regeneration period. Further study must improve the transformation efficiency for the effect of basal media for transformation efficiency.
5. Timing of KM addition to the medium 1) Relation between the timing of KM addition to the medium and the transformation efficiency An experiment of the timing of KM addition to the medium was conducted to improve transformation efficiency. Comparing the shoot regeneration rates of added KM treatments with those of 30d KM-free treatments clarified that KM suppressed shoot regeneration (Table 3) . In experiments for 5-20-day incubation periods on KM-free shoot regeneration medium (Table 4) , transformants were not obtained with 10, 15, and 20-day KM-free treatments; however, transformants with 1.2% transformation efficiency were obtained with 5-day KM-free treatment; 1.6% transformation efficiency was also observed with 0-day KM-free treatment, indicating that KM addition to the medium within several days after co-cultivation is important.
2) Relation between multiplication of transformed cells and shoot regeneration Under KM-free conditions, it was inferred that the generation of shoots that contained large quantities of transformed cells is difficult because non-transformed cells multiply faster than transformed cells (Maximova et al., 1998) . Numerous shoots induced in the KM-free period that could not be grown in the medium containing KM were formed from nontransformed cells or were chimeras of transformed and nontransformed cells.
Addition of KM to the medium immediately after cocultivation is advantageous for the multiplication of transformed cells. Shoots that were generated under continuous KM selection pressure probably contained numerous transformed cells. For that reason, when KM was added immediately after co-cultivation, many more transformed shoots were obtained in spite of the low shoot regeneration rate (Table 2) .
6. Relation among multiplication of transformed cells, shoot regeneration, and the pre-culture of leaf segments before Agrobacterium infection 1) Effect of "delay selection" Yao et al. (1995) improved the transformation efficiency using medium containing CTX and no KM for two days. Subsequently, KM was added to the medium after the 2-day incubation period. They named this procedure "delay selection". Their result does not contradict our experimental result that 1.2% of transformation efficiency was observed for the 5-day KM-free treatment (Table 4) . "Delay selection" might be a useful procedure to achieve the following two purposes: induction of the multiplication of transformed cells by KM addition after the 2-day incubation period and induction of the transformed shoot formation.
The 2-day KM-free period of "delay selection" might include days on which shoot formation is compatible with the multiplication of transformed cells. In this experiment, we did not establish whether several days of KM-free treatment after co-cultivation had been completed, such as in "delay selection". Instead, we investigated the pre-culture of leaf segments before Agrobacterium infection.
2) Effect of pre-culture before Agrobacterium infection
Rather high transformation efficiencies of 4.1% and 6.1% are shown, respectively, for 3 and 7 days of preculture treatment on 'GS' (Table 5) . These values were twice those of the added KM treatment that had not used pre-culturing (Table 3) . For 'McIntosh', the transformation rate with 3 days of pre-culture was higher than with 0 days; however, with 7 days it was the same as with 0 days. For 'Wijcik', transformants were only obtained with 3-day and 7-day pre-culture treatments. Although 'Wijcik' is a mutation derived from 'McIntosh', the phytohormone reaction during in vitro culture is different (Watanabe et al., 2004) . We concluded that 3-or 7-day pre-culture treatment induced stable acquisition of transformants.
These results demonstrate that we achieved two purposes: induction of the multiplication of transformed cells by KM addition immediately after co-cultivation, and induction of transformed shoot formation using preculturing. Yancheva et al. (2003) reported the relation in in vitro organogenesis in apple, type of auxin, the timing of its application, and the length of explant exposure to the specific auxin. They concluded that the first 6 days of the in vitro organogenesis process form a "window" of cell-fate determination. Their conclusions and our results related to pre-culture on shoot regeneration medium for 5-7 days are consistent: probably, the component of shoot regeneration medium absorbed in the leaf segment during pre-culture induced cells of leaf segments to regenerate shoots. Furthermore, the subsequent selection pressure by KM increased cell transformation.
Establishment of easy efficient transformation system
for apple In this experiment, the transformation efficiency of apple cultivars was greatly improved without the use of complicated procedures using MEPM instead of CTX and the pre-culture of leaf segments before Agrobacterium infection. In fact, 50 mg·L −1 MEPM increased the transformation efficiency ca. ten-fold compared with that by CTX. The pre-culture of leaf segments on regeneration medium before Agrobacterium infection also increased the transformation efficiency compared with the non pre-culture procedure.
The following methods for improving transformation efficiency were clarified by the results of our experiments.
1. Addition of 25 mg·L −1 KM to the medium is effective to obtain many transformed shoots. 2. For the elimination of Agrobacterium and induction of transformed shoots, 50 mg·L −1 MEPM is effective. 3. Addition of KM to the medium immediately after co-cultivation is advantageous for the induction of transformed shoots. 4. Transformation efficiency is increased by 3-7-day pre-culture treatment. Using these transformation techniques, we look forward to greater progress in physiological, genetic, and breeding studies of apple.
